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(54) Two-speed transfer case with synchronized range shift mechanism 

(57) A transfer case (20a) for a four-wheel drive 
vehicle having a planetary gear assembly (50) and a 
synchronized range clutch (72) operably associated 
with the input to the planetary gear assembly which can 
be selectively shifted on-the-fly for establishing high- 
range and low-range speed ratios. A mode clutch (160) 
is operably disposed between the front (32) and rear 
(42) output shafts and can be selectively or automati- 
cally shifted for establishing a four-wheel drive mode. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present rnverTtion relates general!/ to s 
transfer cases for use in four-wheel drive vehicles. More 
particularly, the present invention relates to a transfer 
case having a two-speed gear reduction unit and a syn- 
chronized range shift mechanism for permitting on-the- 
fly shifting between high-range and low-fange drive io 
modes. 

[0002] As is now conventional, many light-duty and 
sport-utility vehicles are equipped with a transfer case 
for transmitting drive torque to all four of the wheels, 
thereby establishing a four-wheel drive mode of opera- is 
tion. To accommodate differing road surfaces and con- 
ditions, many transfer cases are equipped with a gear 
reduction unit which can be selectively shifted to permit 
the vehicle operator to choose between a four-wheel 
high-range (l.e.. direct ratio) drive mode and a four- 20 
wheel low-range (i.e., reduced ratio) drive mode. In 
many instances, the four-wheel drive vehicle must be 
stopped before the transfer case can be shifted 
between its four-wheel high-range and low-range drive 
modes. Unfortunately, the need to stop the vehicle prior 25 
to shifting between the available four-wheel high-range 
and low-range drive modes is inconvenient, particularly 
upon encountering road conditions or surface terrains 
where continuation of the vehicle's rolling momentum 
would assist in overcoming the conditions encountered. 30 
To alleviate a portion of this inconvenience, some gear 
reduction units have been designed which permit the 
vehicle operator to shift without stopping the vehicle 
(i.e., "on-the-fly") from the four-wheel low-range drive 
mode into the four-wheel high-range drive mode. For 35 
example. U.S. Pat No. 5.054,335 discloses a transfer 
case equipped with a synchronized range shift arrange- 
ment for "on-the-fly" shifting of a layshaft-type gear 
reduction unit. Alternatively, commonly-owned US. Pat. 
No. 5,346.442 discloses a transfer case having a syn- 40 
chronized range shift arrangement for "on-the-f ly" shift- 
ing of a planetary-type gear reduction unit. Finally, U.S. 
Pat No. 4,569.252 discloses a planetary-type gear 
reduction unit which permits synchronized shifting into 
and out of the high-range drive mode and the low-range 45 
drive mode. 

[0003] In addition to the gear reduction unit, many 
transfer cases are also equipped with a mode shift 
mechanism which permits the vehicle operator to selec- 
tively shift between a two-wheel drive mode wherein so 
only the primary (i.e., rear) driveline is driven and a 
''part-time" four-wheel drive mode wherein the second- 
ary (i.e., front) driveline is rigidly coupled for rotation 
with the primary driveline. Reference may be made to 
commonly-owned U.S. Pat. No. 4,770,280 for disclosure ss 
of an exemplary part-time transfer case equipped with a 
gear reduction unit and a synchronized mode shift 
mechanism. In view of increased consumer popularity 


in four-wheel drive vehicles for everyday use, the mode 
shift mechanism in some two-speed transfer cases is 
replaced with a multi-plate clutch assennbly which is 
operable for transmitting drive torque automatically (i e.. 
on-demand) to the secondary driveline, without any 
input or action on the part of the vehicle operator, when 
traction Is lost at the primary wheels. Reference may be 
made to commonly-owned U.S. Pat. No. 5,363.938 for 
disclosure of an exemplary two-speed transfer case 
equipped with a clutch assembly Interactively associ- 
ated with an electronic control system and a sensor 
arrangement. While such prior art arrangements pro- 
vide a compact construction, there is a continuing need 
to develop low cost, simplified alternatives which meet 
modern requirements for low noise and weight. 

SU MMARY OF T HE INVENTION 

[0004] It is therefore an object of the present invention 
to provide a transfer case for a four-wheel drive vehicle 
having a planetary gear assembly and a range shift 
mechanism which is operably associated with the input 
of the planetary gear assembly which can be selectively 
actuated for establishing a four-wheel high-range drive 
mode, a neutral mode, and a four-wheel low-range drive 
mode. 

[0005] As a related object of the present invention, a 
synchronized range shift mechanism is provided for per- 
mitting "on-the-f ly" shifting of the transfer case between 
the four-wheel high-range and low-range drive modes. 
[0006] According to another object of the present 
invention, the transfer case includes a mode shift mech- 
anism which is operable in conjunction with the output 
of the planetary gear assembly and which can be selec- 
tively actuated for establishing a part-time four-wheel 
drive mode and a two-wheel drive mode. 
[0007] As a related object, a synchronized mode shift 
mechanism is provided for permitting on-the-fly shifting 
of the transfer case between the two-wheel drive mode 
and the part-time four-wheel drive mode. 
[0008] In accordance with another object of the 
present Invention, the transfer case can be equipped 
with a transfer clutch for establishing an on-demand 
four-wheel drive mode. 

[0009] According to a preferred embodiment of the 
present invention, the planetary gear assembly Is oper- 
ably installed between an input shaft and front and rear 
output shafts of the transfer case. The planetary gear 
assembly is a planetary gearset operably installed 
between the input shaft and the rear output shaft for 
driving the rear output shaft at either of a first speed 
ratio (i.e.. "high-range") or a second speed ratio (i e-. 
low-range") relative to the input shaft. A synchronized 
range shift mechanism is provided which Includes a 
range clutch operable in a first range position for cou- 
pling the input shaft to a first component of the planetary 
gearset for establishing the high-range drive connec- 
tion. The range clutch is operable In a second range 
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position for coupling the input shaft to a second compo- 
nent of the planetary gearset for establishing the low- 
range drive connection. Rnally, the range clutch is oper- 
able in a third range position to disconnect the input 
shaft from the first and second components of the plan- 5 
etary gearset for establishing a Neutral moda The 
transfer case further Includes a mode shift mechanism 
having a mode clutch which is movable between two 
mode positions. In the first mode position, the mode 
clutch rigidly interconnects the front output shaft to the 
rear output shaft for inhibiting relative rotation therebe- 
tween, thereby establishing the part-time four-wheel 
drive mode. In the second mode position, the mode 
clutch disconnects the front output shaft from the rear 
output shaft such that all drive torque is transmitted to 
the rear output shaft, thereby establishing the two-wheel 
drive mode. 

[001 0] As an alternative feature, the transfer case can 
include a transfer clutch having a clutch pack with a first 
set of clutch plates fixed for rotation with front output 
shaft and a second set of clutch plates fixed for rotation 
with the rear output shaft. During normal driving condi- 
tions, the transfer clutch permits a limited amount of 
speed differentiation between the front and rear output 
shafts. When traction is lost at the rear wheels, the 
transfer clutch automatically transfers torque to the front 
output shaft thereby regulating the torque distribution 
ratio between the front and rear output shafts. 
[001 1] Additional objects, features and advantages of 
the present invention will become apparent from study- 
ing the following detailed desaiption and appended 
claims when taken in conjunction with the accompany- 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

FIG. 1 illustrates the drivetrain of a four-wheel drive 
nnotor vehicle equipped with the transfer case of the 
present invention; 

FIG. 2 is a schematic drawing of a two-speed part- 
time transfer case according to one embodiment of 
the present invention; 

FIG. 3 is a schematic drawing of a two-speed on- 
demand transfer case according to an alternative 
embodiment of the present invention; 
FIG. 4 is a schematic drawing of an alternative con- 
struction for the two-speed on-demand transfer 
case of the present invention; and 
FIG. 5 is a schematic of another alternative embod- 
iment of a two-speed on-den>and transfer case. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0013] In general, the present invention relates to a 
planetary gear assembly Installed in the transfer case of 


a four-wheel drive motor vehicle and a synchronized 
range shift mechanism operably associated with the 
input of the planetary gear assembly for permltling "on- 
the-fly" shifting of the transfer case between a low-range 
speed ratio and a high-range speed ratio during motive 
operation of the motor vehicle. Additionally, a mode 
dutch Is operably associated with the output shafts of 
the transfer case for selectively or automatically shifting 
between a four-wheel drive mode and a two-wheel drive 
mode. 

[0014] With particular reference to FIG. 1 of the draw- 
ings, a drivetrain 10 for a four-wheel drive vehicle is 
shown. Drivetrain 10 includes a front driveline 12 and a 
rear driveline 14 both drivable from a source of power, 
such as an engine 16, through a transmission 18 which 
may be of either the manual or automatic type. In the 
particular embodiment shown, drivetrain 10 is an full- 
time four-wheel drive system which incorporates a 
transfer case 20 for transmitting drive torque from 
engine 16 and transmission 18 to front driveline 12 and 
rear driveline 14. Front driveline 12 is shown to include 
a pair of front wheels 24 connected at opposite ends of 
a front axle assembly 26 having a front differential 28 
that is coupled to one end of a front propshaft 30, the 
opposite end of which is coupled to a front output shaft 
32 of transfer case 20. Similarly, rear driveline 14 
includes a pair or rear wheels 34 connected at opposite 
ends of a rear axle assembly 36 having a rear differen- 
tial 38 coupled to one end of a rear propshaft 40. the 
opposite end of which is interconnected to a rear output 
shaft 42 of transfer case 20. 

[001 5] With particular reference to FIG. 2 of the draw- 
ings, transfer case 20 is schematically shown to include 
an input shaft 44 which is rotatably supported in a hous- 
ing 46. Input shaft 44 is adapted for connection to an 
output shaft (not shown) of transmission 18 such that 
both are rotatably driven by engine 16 of the motor vehi- 
cle. Likewise, front output shaft 32 and rear output shaft 
42 are rotatably supported in housing 46. Transfer case 
20 is also shown to include a planetary gear assembly 
50 which is operably installed between input shaft 44 
and rear output shaft 42. Planetary gear assembly 50 
includes a ring gear 52 fixed to housing 46, a sun gear 
54, and a set of first pinion gears 56 which are each 
rotatably supported on a pinion shaft 58 and meshed 
with sun gear 54 and ring gear 52. Each pinion shaft 58 
extends between a front carrier ring 60 and a rear car- 
rier ring 62 which are interconnected to define a cannier 
assembly 64. Sun gear 54 is fixed to a quill shaft 66. As 
shown, rear carrier ring 62 is fixed to rear output shaft 
42 such that driven rotation of carrier assembly 64 
causes concurrent rotation of rear output shaft 42. 
[001 6] Planetary gear assemtDly 50 functions as a two- 
speed gear reduction unit which, in conjunction with a 
range clutch 72 of a synchronized range shift mecha- 
nism 74, is operable to establish a first or high-range 
speed ratio drive connection between Input shaft 44 and 
carrier assembly 64 by cOrectly coupling input shaft 44 to 
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front carrier ring 60 of canier assembly 64. Likewise, a 
second or low-range speed ratio drive connection is 
established by range dutch 72 between input shaft 44 
and carrier assembly 64 by coupling Input shaft 44 to 
sun gear 54. A Neutral mode is established when input 5 
shaft 44 is uncoupled for both carrier assembly 64 and 
sun gear 54. 

[0017] To provide means for selectively establishing 
the high-range and low-range drive connections 
between input shaft 44 and canier assembly 64, syn- 10 
chronized range shift mechanism 74 is provided. As 
noted, synchronized range shift mechanism 74 is oper- 
able for permitting transfer case 20 to be shifted 'on- 
the-fly" between its high-range and low-range drive 
modes. As also noted previously, synchronized range is 
shift mechanism 74 includes range clutch 72 which is 
operable for selectively coupling input shaft 44 to either 
of carrier assembly 64 or sun gear 54. In particular, 
range clutch 72 includes a drive gear or hub 76 that is 
fixed to input shaft 44. Drive hub 76 has an outer cylin- 20 
drical rim on which external gear teeth or longitudinal 
splines 78 are formed. Range clutch 72 further includes 
a range sleeve 80 having a f irst set of internal splines 82 
that are in constant mesh with external spines 78 on 
drive hub 76. Thus, range sleeve 80 is mounted for rota- 25 
tion with and axial stkiing movement on drive hub 76 
such that driven rotation of input shaft 44 causes con- 
current rotation of range sleeve 80. Range sleeve 80 is 
shown to also include a second set of internal splines 
84 which are offset axlally from the first set of internal 30 
spines 82. 

[0018] Range clutch 72 also includes a first synchro- 
nizer assembly 86 operably located between a neutral 
hub 88 rotatably supported on quill shaft 66 and a first 
clutch plate 90 which is fixed to front carrier ring 60 of 35 
easier assenlbly 64. Neutral hub 88 has extended 
spines 92 formed thereon while first clutch plate 90 has 
external clutch teeth 94 formed thereon. First synchro- 
nizer assembly 86 is operable for causing speed syn- 
chronization between input shaft 44 and carrier 40 
assembly 64 in response to movement of range sleeve 
80 from a neutral position (denoted by position line "N") 
toward a high-range position (denoted by position line 
"H"). Once the speed synchronization process is com- 
pleted, range sleeve 80 is permitted to move through 45 
the teeth of a blocker ring 96 and into coupled engage- 
ment with first clutch plate 90 such that its splines 84 
meshingly engage clutch teeth 94 on first clutch plate 
90. Accordingly, with range sleeve 80 positioned in its H 
position, drive hub 76 is drivingly coupled to first clutch so 
plate 90 such that camer assembly 64 is coupled to 
rotate at the same speed as input shaft 44 for establish- 
ing the high-range drive connection. 
[0019] Range clutch apparatus 72 further includes a 
second synchronizer assembly 98 operably disposed ss 
between neutral hub 88 and a second clutch plate 100 
which is fixed to quill shaft 66 and has external clutch 
teeth 102 formed thereon. Second synchronizer assem- 


bly 98 is operable for causing speed synchronization 
between sun gear 54 and input shaft 44 in response to 
movement of range sleeve 80 from its N position toward 
a low-range position (denoted by position line "L"). Once 
speed synchronization is complete, range sleeve 80 is 
permitted to move through the teeth of a second blocker 
ring 104 and into coupled engagement with second 
clutch plate 100 such that its spines 84 meshingly 
engage clutch teeth 102 on second dutch plate 100 for 
establishing the low-range drive connection therebe- 
tween. With range sleeve 80 positioned in its L position, 
sun gear 54 drives first pinion gears 56 about stationary 
ring gear 52 such that canier assembly 64 is driven at a 
reduced speed ratio relative to input shaft 44, thereby 
establishing the low-range drive connection. While only 
schematically shown, first synchronizer assembly 86 
and second synchronizer assembly 98 can be any con- 
ventional construction such as, for example, single- 
cone or dual-cone arrangements. Thus, it will be appre- 
dated by those skilled in the art that any type of suitable 
synchronizer arrangement can be used for fadlitating 
speed synchronization between the components that 
are to be directly coupled. 

[0020] Range sleeve 80 is shown in its Neutral posi- 
tion (denoted by position line "N") whereat its splines 84 
are released from engagement with clutch teeth 94 on 
first clutch plate 90 and clutch teeth 102 on second 
dutch plate 100 and yet are engaged with teeth 92 on 
neutral hub 88. As such, driven rotation of input shaft 44 
causes rotation of range sleeve 80 and neutral hub 88 
which, as noted, is rotatably supported on quill shaft 66. 
Since range sleeve 80 does not couple input shaft 44 to 
either of dutch plates 90 and 100 when it is in its N posi- 
tion, no drive torque is transferred through carrier 
assembly 64 to front and rear output shafts 32 and 42, 
respectively, thereby establishing the Neutral non- 
driven mode. Thus, splines 82 on range sleeve 80 main- 
tain engagement with splines 78 on drive hub 76 
throughout the entire length of axial travel of range 
sleeve 60 between its H and L positions. Moreover, 
spines 82 do not engage clutch teeth 102 on second 
dutch plate 100 when range sleeve 96 is in its H posi- 
tion. 

[0021] As seen, a transfer assembly 108 is provided 
for selectively transferring drive torque from rear output 
shaft 42 to front output shaft 32. Transfer assembly 108 
indudes a drive sprocket 110 rotatably supported on 
rear output shaft 42, a driven sprocket 1 12 fixed to front 
output shaft 32, and a continuous chain 114 intercon- 
necting driven sprocket 112 to drive sprocket 110. To 
provide means for establishing a drive connection 
between rear output shaft 42 and front output shaft 32. 
transfer case 20 indudes a mode shift mechanism 1 16. 
Mode shift mechanism 116 indudes a mode dutch 118 
which is operable to couple drive sprocket 110 to rear 
output shaft 42 for establishing a four-wheel drive mode 
in which front output shaft 32 is rigidly coupled for rota- 
tion with rear output shaft 42. In addition, mode clutch 
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1 18 is operable for selectively uncoupling drive sprocket 
110 from rear output shaft 42 for establishing a two- 
wheel drive nrxxie in which all drive toique is delivered to 
rear output shaft 42. 

[0022] According to the embodiment shown in FIG. 2, s 
nuxle dutch 1 1 8 includes a driven hub 1 20 fixed to rear 
output shaft 42 and having an outer cylindrical rim on 
which external splines 122 are formed, a dutch plate 
124 fixed to drive sprocket 1 10 having an outer cylindri- 
cal rim with external clutch teeth 126 formed thereon, io 
and a mode sleeve 128 having a set of internal splines 
130 which are in constant mesh with external spline 122 
of driven hub 1 20 such that mode sleeve 1 28 can be slid 
axially relative thereto. In FIG. 2. mode sleeve 128 is 
shown in a first or two-wheel drive mode position is 
(denoted by position line "2WDT whereat its spline 
teeth 130 are disengaged from dutch teeth 126 on 
clutch plate 124. In this mode position, drive sprocket 
110 is uncoupled from rear output shaft 42 such that 
driven rotation of cannier assembly 64 causes all drive 20 
torque to be transmitted to rear output shaft 42. thereby 
establishing the two-wheel drive mode. Reanward axial 
movement of mode sleeve 128 from its 2WD position to 
a second or part-time four-wheel drive mode position 
(denoted by position line ''4WD") maintains engage- 25 
ment of mode sleeve ^lines 130 with drive hub splines 
122 and causes mode sleeve splines 130 to also 
engage clutch teeth 126 on clutch plate 124. In this 
mode position, relative rotation is prevented between 
rear output shaft 42 and front output shaft 32, thereby 30 
establishing the part-time four-wheel drive mode. In a 
four-wheel drive vehicle equ^ped with a live front axle, 
mode sleeve 124 can be shifted on-the-fly when the 
vehicle is travelling in a straight line since there is little, 
if any, relative rotation between front output shaft 32 and 35 
rear output shaft 42. However, mode shift mechanism 
116 is shown equipped with a synchronizer assembly 
132 between driven hub 120 and clutch plate 124 for 
permitting on-the-fly shifting of mode sleeve 128 
between its 4WD and 2WD mode positions in those 40 
vehicle applications where front driveline 1 2 is equipped 
with an axle disconnect mechanism. In particular, this 
arrangement permits front wheels 24 to be discon- 
nected from the remainder of axle assembly 26 via the 
use of conventional vacuum-actuated locking hiibs or 4S 
an axle-shaft disconnect system when transfer case is 
shifted into the two^eel drive mode. 
[0023] Referring still to FIG. 2. the shift system asso- 
ciated with transfer case 20 is shown to indude a range 
fork 140 coupling range sleeve 80 to an actuator 142, a so 
mode fork 144 coupling mode sleeve 128 to actuator 
142. and an operator 146 for controlling selective actua- 
tion of actuator 142. Actuator 142 can be any suitable 
device that is operable to cause coordinated axial 
movement of range sleeve 80 and mode sleeve 128 in ss 
response to a particular drive mode selected by the 
vehicle operator via manipulation of operator 146. Alter- 
natively, actuator 142 can be a pair of devices sepa- 


rately connected to each shift fork. Preferably, actuator 
142 is a rotatable sector plate having range and mode 
cam arrangements for coordinated eucial movement of 
shift forks 140 and 144 in a manner generally similar to 
that described in commonly owned U.S. Pat. No. 
5,076,1 12.which is incorporated herein by reference. 
Additionally, operator 146 can be any suitable manually- 
actuated (i.a. a linkage coupling actuator 142 to a gear- 
shift lever) or power-actuated (i.e.. a gearmotor con- 
nected to actuator 142 and controlled by electric control 
signals from push-buttons or rotary switches) arrange- 
ment under the control of the vehide operator for con- 
trolling actuation of actuator 142. 
[0024] To provide means for automatically controlling 
the torque distrbution between front and rear output 
shafts 32 and 42, respectively, a transfer case 20A is 
shown in FIG. 3 to indude a transfer dutch 160. Transfer 
dutch 160 is normally operable in a non-actuated mode 
for transmitting all drive torque to rear output shaft 42. 
thereby establishing the two-wheel drive moda Transfer 
dutch 160 is also operable in a fully-actuated mode for 
establishing a "locked" four-wheel drive mode in which 
front output shaft 32 is rigidly coupled to rear output 
shaft 42. Transfer clutch 160 is. in the embodiment 
shown in FIG. 3, a sealed torque transfer device, such 
as a viscous coupling or a geared traction unit which 
can progressively regulate the amount of torque trans- 
ferred to front output shaft 32 automatically (i.e., on- 
demand) between its non-actuated and fully-actuated 
modes in response to and as a function of the amount of 
relative rotation (i.e., interaxle slip) between front output 
shaft 32 and rear output shaft 42. The torque versus slip 
characteristics of transfer dutch 160 can be tuned to 
meet specific vehicular applications. 
[0025] Transfer dutch 160 includes an inner hub 162 
fixed to drive sprocket 1 10 and to which a set of inner 
dutch plates 164 are fixed. Transfer dutch 160 also 
includes a drum assembly 168 comprised of front and 
rear end plates 170 and 172. respectively, which are 
sealed relative to inner hub 162. and a drum 174 to 
which end plates 170 and 172 are secured. Drum 174 is 
cylindrical and has a set of outer clutch plates 176 fixed 
thereto which are alternately interieaved with inner 
dutch plate 164 to define a multi-plate dutch pack. The 
pressure chambers defined between inner hub 162 and 
drum assembly 168 is filled with a predetermined vol- 
ume of a viscous fluid which causes torque to be deliv- 
ered to the slower rotating set of clutch plates due to the 
relative rotation therebetween in a Known manner. 
[0026] Rg. 4 illustrates a transfer case 20B which is a 
modified version of transfer case 20A of Rg. 3. In partic- 
ular, transfer case 20B Is equipped with a transfer clutch 
160B having a set of outer dutch plates 176 fixed to 
drum asserrt^ly 168 which is fixed for rotation with drive 
sprocket 1 10. and a set of inner clutch plates 164 fixed 
for rotation with rear output shaft 42 alternatively inter- 
leaved with outer dutch plates 176 to define a clutch 
pack. Transfer dutch 1608 further includes a thrust 
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mechanism 180 for exerting a clutch engagement force 
on the clutch pack and an actuator 162 for controlling 
the magnitude of the clutch engagement force as a 
function of the amount of interaxle slip. In particular, 
thrust mechanism 180 includes a piston 184 which is 
axially movable within a pressure chancer 186 of trans- 
fer clutch 1 60B for movement relative to the clutch pack. 
As shown, actuator 162 is a pump 168 which supplies 
high pressure hydraulic fluid from a sump to pressure 
chamber 186 for controlling the axial position of piston 
1 84 relative to the clutch pack and. as such, the clutch 
engagement force exerted thereon. Pump 168 can be a 
shaft driven device, such as a gerotor pump or a gear 
pump, in which the output pressure generated and sup- 
plied to pressure chamber 186 is proportional to the 
speed difference between front output shaft 32 and rear 
output shaft 42. Altematively, the output pressure gen- 
erated by pump 168 can be adapfa'vely controlled using 
a control system having a controller 190 which receives 
Input signals from a rear speed sensor 192 and a front 
speed sensor 194. Controller 190 determines the real 
time value of the speed difference from the sensor sig- 
nals supplied by speed sensors 1 92 and 1 94 and sends 
a control signal to pump 168 which regulates its output 
pressure as a function of the speed difference. 
[0027] Controller 190 can be programmed to control 
actuation of transfer clutch 160B pursuant to an ON/Off 
control scheme. In such an arrangement, transfer clutch 
160B is normally maintained in an non-actuated state to 
completely or substantially disengage front output shaft 
32 from driven rotation with rear output shaft 42. In this 
state, transfer case 20B is defined as operating in its 
two-wheel drive mode. However, when the sensor input 
signals indicate a vehicular condition exceeding a pre- 
determined value, transfer clutch 160B is fully actuated 
for "locKjng" front and rear output shafts 32 and 42 
against relative rotation whereby they are, in effect, rig- 
idly coi^jled for establishing the locked fbur-v^^eel drive 
mode. Preferably, the vehicular condition used for con- 
trolling actuation of transfer clutch 160B is the speed dif- 
ferential between front output shaft 32 and rear output 
shaft 42. Thereafter, transfer clutch 160B is returned to 
its non-actuated state when the sensor input signals 
indicate that the magnitude of the vehicular condition is 
less than a predetermined value. Alternativety, control- 
ler 190 can be programmed in accordance with an 
ADAPTIVE control scheme to regulate the actuated 
condition of transfer clutch 160B between its non-actu- 
ated and fully-actuated limits for varying the magnitude 
of drive torque transmitted to front output shaft 32 as a 
function of the sensor input signals. In operation, trans- 
fer clutch 160B increases the amount of drive torque 
delivered to the slower turning output shaft while con- 
currently decreasing the drive torque delivered to the 
faster turning output shaft in an amount equal to the 
torque capacity of the clutch at a given actuated state. 
In either of tiie above-noted control schemes, control 
over actuation of transfer clutch 160B Is automatic and 


does not require any act or nmle selection on the part 
of the vehicle operator. Under both control schemes, tiie 
process of monitoring vehicle conditions and controlling 
clutch engagement is continuous and automatic. 

s [0028] FIG. 5 Illustrates a transfer case 20C equipped 
with a mechanically-actuated transfer clutch 160C. In 
particular, transfer clutch 160C is an electronically-con- 
trolled clutch assembly operably disposed between 
front output shaft 32 and rear output shaft 42 to auto- 

10 matically control the torque distribution ratio therebe- 
tween. Transfer clutch 160C has a thrust mechanism 
200 for exerting a clutch engagement force on the clutch 
pack witii an actuator 202 controlling the magnitude of 
tiie clutch engagement force as a function of ttie value 

IS of interaxle slip. In particular, thrust mechanism 200 
includes a pivotable lever anm assembly 204. Again, 
controller 190 controls the frictional biasing applied by 
transfer clutch 1 60C in response to a control signal gen- 
erated based on tiie value of tiie sensor input signals. 

20 Preferably, actuator 202 is a sector plate having a range 
shift anangement similar to actuator 142 in FIG. 2 but 
modified to include a second cam surface for also con- 
trolling pivotal movement of lever arm assembly 204. 
The cam surfaces can be arranged to facilitate coordi- 

25 nated movement of range sleeve 80 and lever arm 
assembly 204 to permit the vehicle operator to select, 
via actuation of operator 146. a two-wheel high-range 
drive mode, a neutral mode, locked four-wheel high- 
range and low-range drive modes and on-demand high- 

30 range and low-range drive modes. In the on-demand 
drive modes, transfer clutch 160C is controlled automat- 
ically under either of the ON/OFF or ADAPTIVE 
schemes. When one of the locked four-wheel drive 
modes is selected, transfer clutch 160C is held in its 

35 fully-actuated state. Obviously, the mode selections 
described above are also available with basing clutch 
1 60B of transfer case 20A. 

[0029] The foregoing discussion discloses and 
describes various embodiments of tiie present inven- 

40 tion. One skilled in the art will readily recognize from 
such discussion, and from the accompanying drawings 
and claims, that various changes, modifications and 
variations can be made therein without departing from 
tiie true spirit and fair scope of the invention as defined 

45 in the following claims. 

Claims 

1 . A ti^ansfer case for use in a four-wheel drive vehicle 
so having a power source and front and rear drive- 
lines, comprising: 

a housing; 

an input shaft rotatabiy supported by said 
55 housing for driving by the power source; 

a front output shaft rotatabiy supported by said 
housing for connection to the front driveline; 
a rear output shaft rotatabiy supported in said 
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housing and tor connection to the rear drive- 
line; 

a planetary gear assembly interconnecting 
said input shaft to said rear output shaft for 
delivering drive torque front the power source s 
to the rear driveline, said planetary gear 
assembly Including a canrier assembly coupled 
to said rear output shaft, a sun gear, a ring gear 
fixed to said housing, and a planet gear rotata- 
bly sipported by said earner assemtiy and 10 
meshed with said sun gear and said ring gear; 
a range clutch for selectively coupling said 
input shaft to said carrier assembly for driving 
said rear output shaft at a first speed ratio rela- 
tive to said input shaft for establishing a high- is 
range drive mode, and for selectively coupling 
said input shaft to said sun gear for causing 
said rear output shaft to be driven at a second 
speed ratio relative to said input shaft for estab- 
lishing a low-range drive mode; and 20 
a mode clutch for automatically transferring 
drive torque from said rear output shaft to said 
front output shaft in response to a speed differ- 
ential therebetween exceeding a predeter- 
mined value. 25 

2, A transfer case for use in a four-wheel drive vehide 
having a power source and front and rear drive- 
lines, comprising: 

30 

a housing; 

an input shaft rotatably supported by said 
housing and for driving by the power source; 
a front output shaft rotatably sifjported by said 
housing and for connection to the front drive- 3S 
line; 

a rear output shaft rotatably supported in said 
housing and for connection to the rear drive- 

iine; 

a planetary gear assembly for interconnecting 40 
said input shaft to said rear output shaft for 
delivering drive torque from the power source 
to the rear driveline, said planetary gear 
assembly including a carrier asseni)ly coupled 
to said rear output shaft, a sun gear, a ring gear 45 
fixed to said housing, and a planet gear rotata- 
bly supported by said carrier assembly and 
meshed with said sun gear and said ring gear; 
a range clutch for selectively coupling said 
input shaft to said canrier assembly for driving so 
said rear output shaft at a first speed ratio rela- 
tive to said input shaft for establishing a high- 
range drive mode, and for selectively coupling 
said input shaft to said sun gear for causing 
said carrier assembly to drive said rear output ss 
shaft at a second speed ratio relative to said 
input shaft for establishing a low-range drive 
mode, said range clutch including a synchro- 


nizer for causing speed synchronization 
between said input shaft and said can'ier 
assemtily, said synchronizer being operable to 
cause speed synchronisation between said 
input shaft and said sun gear; and 
a mode clutch operably disposed between said 
front and rear output shafts and operable in a 
first mode for permitting speed differentiation 
between said front and rear output shafts and 
establishing a two-wheel drive mode, said 
mode clutch being furtiier operable in a second 
mode for transfening drive torque from said 
rear output shaft to said front output shaft and 
establishing an on-demand four-wheel drive 
mode. 

3. The transfer case of claim 1 or claim 2. wherein 
said range clutch includes a range sleeve rotatably 
drivable by said input shaft and movable from a 
neutral position to a high-range position and to a 
low-range position, said range sleeve being opera- 
ble in said high-range position to coi^sle said carrier 
assembly with said input shaft and in said low- 
range position to couple said sun gear wrtti said 
input shaft, and said range sleeve being operable in 
said neutral position to uncouple said input shaft 
from botfi of said carrier assembly and said sun 
gear for establishing a Neutral non-driven mode. 

4. The transfer case of daim 3. wherein said range 
dutch includes a first synchronizer operably dis- 
posed between said carrier assembly and said 
input shaft for inhibiting movement of said range 
sleeve to said high-range position until speed syn- 
chronization is established therebetween, and a 
second synchronizer operably disposed between 
said sun gear and said input shaft for inhibiting 
movement of said range sleeve to said low-range 
position until speed synchronisation is established 
therebetweea 

5. The transfer case of daim 4. wherein said range 
dutch includes a drive hub fixed for rotation with 
said input shaft and on which said range sleeve is 
supported for rotation therewith and sliding move- 
ment thereon between said high-range, low-range 
and neutral positions, a first clutch plate fixed to 
said carrier assembly, and a second dutch plate 
fixed to said sun gear, wherein said first synchro- 
nizer is disposed between said drive hub and said 
first dutch plate for inhibiting movement of said 
range sleeve into said high-range position whereat 
said range sleeve is coupled to said first clutch plate 
until speed synchronization is established therebe- 
tween, and wherein said second synchronizer is 
disposed between said drive hub and said second 
dutch plate for inhibiting movement of said range 
sleeve to said low-range position whereat said 
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range sleeve is coupled to said second clutch plate 
until speed synchronization Is established therebe- 
tween. 

6. The transfer case of any one of the preceding s 
dalms, wherein said wode clutch is a multi-plate 
clutch assembly having a first set of clutch plates 
fixed for rotation with said rear output shaft, a sec- 
ond set of clutch plates fixed for rotation with said 
front output shaft and which are interleaved with io 
said first set of clutch plates, and means for trans- 
ferring drive torque from the faster rotating clutch 
plates to the slower rotating clutch plates in 
response to said speed differential therebetween 
exceeding said predetermined value. is 

7. The transfer case of claim 6, wherein said mode 
clutch is a viscous coupling. 

8. The transfer case of claim 6 or daim 7, wherein 20 
said mode clutch includes a thrust mechanism for 
exerting on said interleaved clutch plates a clutch 
engagement force of a magnitude which is propor- 
tional to the magnitude of said speed differential. 

25 

9. The transfer case of claim 8 wherein said mode 
clutch includes a piston retained in a pressure 
chamber for applying said clutch engagement force 
on said interleaved clutch plates, and a pump for 
supplying fluid under pressure to said pressure 30 
chamber in response to the occurrence of said 
spaed differential. 

10. The transfer of claim 8 wherein said mode clutch 
includes an actuator for generating said clutch 3S 
engagement force. 

11. The transfer case of claim 9 or claim 10, further 
comprising sensors for detecting an operating char- 
acteristic of the vehicle and generating sensor sig- 40 
nals in response thereto, and a controller for 
receiving said sensor signals and controlling said 
pump or actuator as a function of said sensor sig- 
nals. 

46 

12. The transfer case of daim 1. wherein said range 
dutch is a synchronizer dutch operable for causing 
speed synchronization between said input shaft 
and said cannier assembly, and for causing speed 
synchronization between said input shaft and said so 
sun gear. 

1 3. A transfer case for use in a four-wheel drive vehide 
having a power source and front and rear drive- 
lines, comprising: ss 

a housing; 

an Input shaft rotatably supported by said 


housing and for driving by the power source; 
a front output shaft rotatably supported by said 
housing and for connection to the front drive- 
line; 

a rear output shaft rotatably supported in said 
housing and for connection to the rear drive- 
line; 

a planetary gear assembly for interconnecting 
said input shaft to said rear output shaft for 
delivering drive torque from the power source 
to the rear driveline. said planetary gear 
assembly induding a carrier assembly coupled 
to said rear output shaft, a sun gear, a ring gear 
fixed to said housing, and a planet gear rotata- 
bly supported by said carrier assembly and 
meshed with said sun gear and said ring gear; 
a range sleeve coupled for rotation with said 
input shaft and movable between a high-range 
position coupling said canier assembly for rota- 
tion with said Input shaft, a low-range position 
coupling said sun gear for rotation v\ntii said 
input shaft, and a neutral position uncoupling 
said input shaft from both of said carrier 
assembly and said sun gear; and 
a mode sleeve coupled for rotation with said 
rear output shaft and movable between a 2WD 
position, releasing said front output shaft from 
coupled engagement with said rear output 
shaft, and a 4WD position directiy coupling said 
front output shaft to said rear output shaft. 

1 4. The transfer case of any one of daims 3 and 1 3, fur- 
ther comprising a first synchronizer that is operably 
disposed between said input shaft and said canrier 
assembly for inhibiting movement of said range 
sleeve to said high-range position until speed syn- 
chronization is established therebetween, and a 
second synchronizer that is operably disposed 
between said input shaft and said sun gear for 
inhibiting movement of said range sleeve to said 
low-range position until speed synchronization is 
established therebetween. 

15. The transfer case of claim 14, further comprising a 
third synchronizer that is operably disposed 
between said rear output shaft and said front output 
shaft for Inhibiting movement of said mode sleeve 
from said 2WD position to said 4WD position until 
speed synchronisation is established therebe- 
tween. 

16. The transfer case of claim 13, further comprising a 
synchronizer that is operably disposed between 
said rear output shaft and said front output shaft for 
inhibiting movement of said mode sleeve from said 
2WD position to said 4WD position until speed syn- 
chronisation is established therebetween. 
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